measure of the variation possible within national boundaries and between males and females.
Nature of the population
A sample of about 20,000 persons from Hiroshima and Nagasaki was selected from information derived from the 1950 Japanese National Census. Persons were selected according to their location in the cities at the time of the atomic bombings. The purpose of the ABCC study is to determine the long term health status of persons exposed to varying amounts of ionizing radiation. The details of the selection procedure and an analysis of sociologic features of the population have been given elsewhere." '4 The study was begun in 1958, and the entire sample scheduled for examination at two-year intervals. Most patients were seen in the morning about 1 to 3 hours after breakfast. A medical history was taken and a physical examination performed after a urine specimen and blood had been taken. Chest X-ray, ECG, and various other laboratory tests were performed. Between 1958 and 1962 about 90 per cent of sample members still living in the two cities were examined (Table 1) ."'
MATERIALS AND METHODS
The blood pressure readings were taken by a Japanese nurse. The cuff was applied to the left arm in the sitting position. Diastolic values were recorded as the point of cessation of sounds. The first reading obtained was used for analysis. Height was measured without shoes. Weight was measured with the patient wearing only a dressing gown, the weight of which was subtracted from the observed value. After data for height and weight had been obtained on the entire population in 1958-60, the relation between these two measurements was established by Seigel,7 who fitted least square curves to express the relation of logarithm of weight on height, by age and sex. In the present analysis, the expected weight according to height (as calculated from Seigel's formula) divided by the observed weight provided the basis for dividing the population into three groups. Light-weight persons were those 6 per cent or more below expected weight, normal-weight persons were those from 5 per cent below to 11 per cent above expected weight, and heavy persons were those 12 per cent or more above expected weight.
Information about family history of diabetes was taken from the replies given during the first cycle of examinations in 1958-60. Serum cholesterol was determined by the method of Abell, et al. 8 During the 1958-60 cycle, casual urine specimens were collected. Starting October 1960 in Nagasaki and November 1961 in Hiroshima, clean voided urine specimens were routinely analyzed. Glycosuria was determined with Benedict's reagent until June 1960. After July 1960 the urine was first tested with Combistix and positive results confirmed with Benedict's reagent. This procedure was adopted because some of the slow-appearing faint trace results with Combistix were negative when tested with Benedict's reagent.
The urine was tested for protein with sulfosalicylic acid and positive reactions confirmed by the nitric acid ring test. For the 1958-60 cycle the result of the nitric acid ring test was recorded in Hiroshima and the sulfosalicylic acid test was recorded in Nagasaki. In July 1960, Combistix were used to test for protein in both cities. Positive reactions continued to be confirmed with nitric acid. The nitric acid test result continued to be used in Hiroshima but the Combistix test was recorded in Nagasaki. Blood sugar was determined in both cities by a modification of the method of Folin and Malmros.' Protein precipitation was accomplished with sulfate-tungstate, and ferricyanide was used for the final color reaction; however, the techniques were slightly different in the two cities (Hiroshima,'-' Nagasaki"). The normal range was determined to be 80 to 110 mg/100 ml. in Hiroshima and 80-120 mg/100 ml. in Nagasaki. Nevertheless, the same diagnostic criteria were applied for the diagnosis of diabetes mellitus. Exchange of protein-free filtrates and testing of unknown samples from Yamaguchi Medical College (Dr. Shibata) and the 406th Medical General Laboratory at Camp Zama, Japan, have shown differences between Hiroshima and Nagasaki to be approximtely five per cent. Prevalence. The prevalence of diabetes and glycosuria (including trace tests) are shown according to age, sex, and city in Table 2 and Figure 1 . A number of features of the data are of interest.
1. The well known increase in diabetes and glycosuria with age was clearly demonstrated in Hiroshima males and was probably present in Hiroshima females. In Nagasaki, however, neither sex showed a clear pattern.
2. In Hiroshima, more males than females had diabetes and glycosuria. A similar difference was seen in Nagasaki but it was not statistically significant.
3. Diabetes and glycosuria were considerably more common for both sexes in Hiroshima than in Nagasaki. 4 . The rates for diabetes and glycosuria have increased in almost all age groups between the two examinations for Hiroshima males. In other groups the rates for diabetes did not increase and the prevalence of glycosuria decreased, as would be expected on the basis of the change in method for testing urine sugar. (Benedict's reagent as a screening test is less specific for glucose than Combistix.)
The differences between the cities and between males and females are remarkable. Careful inquiry into the methods used in both cities proved them to be comparable. Support for the comparability of data from the two cities is derived from the ratio of diagnoses of diabetes to persons with glycosuria (Table 2 ). In males and females of Hiroshima, diabetes 2S7 was diagnosed more commonly in older persons with glycosuria. In Nagasaki there were not sufficient cases to analyze the data by age, but the over-all ratio was similar in males and females and both ratios were similar to those of Hiroshima.
Tabulation of the diagnostic procedures applied to those persons with glycosuria with and without a diagnosis of diabetes is shown in Table 3 . Differences were evident between cities but not to any great extent between sexes within cities. In Nagasaki, glucose tolerance tests were performed more often than in Hiroshima. Therefore, if anything, it might be anticipated that rates in Nagasaki would be overestimated as compared with Hiroshima. To summarize, diabetes and glycosuria were more common in Hiroshima than in Nagasaki and in both cities males were more often affected than females. These differences appear to be real and not attributable to methodology. Also, the age specific rates for glycosuria and diabetes have risen in Hiroshima males between the first and second cycle examinations.
Incidence. New cases of glycosuria and diabetes detected in the second examination provided data for the calculation of two-year incidences (Table 4 ). In Hiroshima males the age specific rates increased between examinations and the high incidence figures reflect this. The incidences in other groups were derived from persons with constant rates for diabetes.
Radiation exposure. The prevalence and incidence of diabetes and glycosuria were examined from the standpoint of radiation exposure according to conventional comparison groupings and with particular emphasis on persons located within 1,400 meters of the hypocenter. No effect of previous exposure to ionizing radiation could be detected. All other analyses were therefore conducted without regard to prior exposure to radiation.
Family history. A family history of diabetes was obtained from about 5 per cent of persons in Hiroshima and from 2.5 to 2.0 per cent of persons in Nagasaki, thus reflecting the different rates of disease in the two communities ( Table 5 ). The percentage of positive family histories from males and females did not differ. In Hiroshima, diabetes occurred more often in persons with a positive family history. In males a positive family history was associated with a twofold increase in diabetes rates, whereas in females the increase was fourfold. These differences between sexes are statistically significant. In Nagasaki, on the other hand, the rates for diabetes in persons with a positive family history were not significantly different from those with negative histories. The number of cases was small, however, so that the lack of effect of a family history in Nagasaki cannot be established in this size sample.
Height-weight-ratio. Table 6 shows the prevalence of diabetes by heightweight ratio. The increased rates for diabetes in persons above normal weight for their height was evident in both cities and sexes. Since only a small change in weight with age occurs among Japanese adults, the total values can be compared without age adjustment. Such a comparison showed the greatest effect of weight was in the heavy categories with only a slight advantage in the light groups. It is noteworthy that in both cities heavy persons constituted a higher percentage of female than male diabetics. Reference to the nondiabetic populations, however, revealed the same relative excess of heavy females. For both sexes, heavy persons constitute 290 Volunte 37, February, 1965 Diabetes mellitus in Hiroshima and Nagasaki | FREEDMAN, et al. In summary, diabetes is more frequent in heavy persons and the increased rates associated with increased weight are similar for both sexes. Neither the increasing prevalence of diabetes with age nor the preponderance of diabetes in males appears attributable to the relation between heightweight ratio and diabetes since weight does not change appreciably with age and more females are heavy as compared with males.
Blood pressure. Figure 2 shows the blood pressures of diabetics and nondiabetics in Hiroshima. Diabetics had higher blood pressures and the February, 1965 differences seemed greater in females. However, since diabetics are heavier for fixed height than nondiabetics and since a relation between weight and blood pressure has been demonstrated by others, the data were recalculated according to height-weight classification. The results are shown in Table 7 . When height-weight ratio was taken into consideration, the blood pressures of diabetics remained higher than the remaining nondiabetic population. This was most marked in systolic but variable in diastolic values. Most of the variability in diastolic pressures was due to lower values in persons Cholesterol. Serum cholesterol determinations were made on a portion of the diabetic and nondiabetic population during 1960-62. The results are shown in Table 8 . The values for diabetics are higher than for nondiabetics, but the differences are statistically significant only for females.
Proteinuria. Table 9 shows the outcome of urine protein tests. Trace tests were not included. The data have several interesting features. Proteinuria was much more common in Hiroshima in both sexes. Examination of the methods used in the two cities revealed that the technique in Nagasaki was probably more sensitive than that used in Hiroshima, thus tending to obscure the extent of the difference between the cities. This discrepancy in the rates for proteinuria in the two cities is the subject of a separate study." Proteinuria was considerably more frequent in diabetics and the data suggest that diabetic females have higher rates for proteinuria than diabetic males. In nondiabetics, proteinuria was more common in males than in females in both cities.
ABO blood groups. An analysis of the distribution of ABO blood groups in the two cities revealed no significant differences between them and no difference in the prevalence of diabetes between sexes withn cities.
Diagnoses
The diagnoses for thyroid diseases (ICS 250-254), tuberculosis (ICS 001-019), and heart and cerebrovascular disease (ICS 410-434, 330-334, 352) were tabulated for diabetics and nondiabetics in Hiroshima. There were too few diabetics in Nagasaki to make comparisons. The only statistically significant difference was in the frequency of diagnosis of heart and cerebrovascular disease. These diagnoses were more common in diabetic females of all ages. Although the individual comparisons for the two age groupings below and above age 50 were not statistically significant, the test for all females was significant (p.-.02-.01).
DISCUSSION
The data in the present report were derived from a broad health survey of similarly systematically selected population samples in Hiroshima and Nagasaki. Tests for urine sugar were conducted in the same way in the two cities and criteria for the diagnosis of diabetes were uniform. Data were available from two consecutive examinations of the sample populations. Diabetes and glycosuria were more common in Hiroshima than in Nagasaki in both sexes. The differences were sizeable and not explicable by methodology. Explanations for these differences have been considered in detail elsewhere.8 Possible environmental and socioeconomic differences between the populations in the two cities were not considered sufficient explanations. It is believed that genetic strongholds fostered by geographic stability of the populations are more likely to account for the different rates between the two cities.
The present study was designed to tabulate certain features of diabetes mellitus and to make comparisons between cities. The city comparisons were hampered by the paucity of diabetes in Nagasaki. Two features, however, warrant further investigation. There may not be a greater risk of diabetes in persons with a positive family history for diabetes in Nagasaki. This is in contrast to the Hiroshima data and data from Western studies. The number of subjects was too small, however, to establish this fact. Confirmation would require studies of a larger population.
Another remarkable difference between the cities is in the prevalence of proteinuria. It had been noted previously that proteinuria was more frequent in Hiroshima than in Nagasaki. This subject will be considered in detail in a subsequent analysis.' Diabetes was also more common in Hiroshima, and the present analysis demonstrated a higher rate of proteinuria in diabetic subjects. This increased rate in diabetics was not sufficient, however, to explain the difference between cities; in nondiabetics the discrepancy persisted.
In Hiroshima and Nagasaki, diabetes and glycosuria were more common in males than in females. The differences were great in Hiroshima and slight in Nagasaki. The possible explanations for the difference between the sexes and comparisons with other studies have been considered in detail elsewhere.' The reason suggested was that males have a greater predisposition to diabetes which was obscured in countries where females gained a great deal of weight during adult years. This thesis is further supported by the recent observation that 70 per cent of diabetics in India are male, whereas in Natal 64 per cent of Indian diabetics are female. Campbell belives "this may be a measure of the emancipation experienced by women in Natal." He comments also that obesity is common in Natalian Indian women."
The present anlysis detected a number of circumstances in which females differ from their nondiabetic counterparts to a greater extent than males. The increased prevalence of diabetes in the presence of a positive family history was greater in females than in males. The difference in serum cholesterol values when compared to nondiabetics was greater in females than males. Proteinuria also showed a greater increase in diabetic females than in diabetic males. Blackard, et al.'-and Rudnick and Andersonr have noted higher rates of retinopathy in diabetic females, and the latter authors also mentioned higher rates of symptoms, neuropathy, and cataracts in diabetic females. In addition, diagnoses of heart diseases and cerebrovascular diseases were more common in diabetic females but not in diabetic males.
Thus, there is evidence that diabetic Japanese females are subject to higher rates of the disorders associated with diabetes. This is of particular interest in view of the greater frequency of diabetes in Japanese males. No features detected in the present study were more common in male diabetics. Yano and Ueda described an increased rate for coronary heart disease in diabetic males but not in females in this same study population. This does not, however, constitute evidence for an effect in males greater than in females since the number of cases in females was too small for analysis.
The epidemiological study being conducted in Tecumseh, Michigan, is the best source of comparative information from the West. '7 In Tecumseh, diabetes is more common in females than in males, so these data would help to establish whether the findings associated with diabetes in Japanese females were dependent on sex or on prevalence of diabetes. In Tecumseh, coronary heart disease was more prevalent in diabetics of either sex, as compared with the total population in corresponding age and sex groups. Also, diabetes was correlated with systolic and diastolic blood pressure and relative weight only in females. Thus, it would appear that the higher rates of abnormalities associated with diabetes in Japanese females indicate a phenomenon which may apply to all females rather than being limited to females in Japan.
A summary of the relation of sex hormones to diabetes in animals has been presented by Houssay. '8 In general, the evidence shows a greater predisposition to diabetes in males and alleviation of diabetes by the administration of female sex hormones. If it is correct that predisposition to the easily detectable abnormality of carbohydrate metabolism in diabetes is greater in males, the finding of higher rates of abnormalities associated with diabetes in females is remarkable and would constitute additional evidence for the independence of carbohydrate abnormality and associated pathological lesons in diabetes.' It has recently been suggested that carbohydrate tolerance is different in males and females and that excretion of sugar in the urine at a given blood sugar level is also different in the two sexes. According to data from the U. S. National Health Survey, at any blood sugar level, glycosuria is more common in males than in females. Conversely, in persons with glycosuria, if the same criteria for diabetes were used in both sexes, a diagnosis of diabetes would be made more often in females than in males.
In the present study the diagnosis of diabetes in persons with glycosuria was made with equal frequency in the sexes suggesting that the situation in Japan may differ from that in the United States. In addition, the urine samples in the U. S. Health Survey were obtained about one and one half hours after the glucose drink, and the urine results correlated with the onehour blood sugar. The results of these particular circumstances of testing may not be applicable to the circumstances of testing in the present study and may also differ because of variations in diet, patterns of obesity, and perhaps racial characteristics. Further study of this important subject is in progress using methods that would permit direct comparison of data with those obtained in the United States. The prevalence of glycosuria and diabetes in Hiroshima males increased at the second examination. It is possible that interest in the disease was stimulated in Hiroshima by the studies of Rudnick and Anderson,8 thus resulting in an increasing awareness of the disease. This suggestion can probably be discarded since a similar change was not seen in Hiroshima females.
Another explanation is that the males now reaching the age of increasing rates of diabetes were for some health reason not in the army during World War II and one expression of this is a higher prevalence of adult-onset of diabetes. Although this factor has been considered in ABCC studies in the past, there is no evidence on the subject. In addition, if this were so, the same phenomenon should be detected in Nagasaki males, but it is not. Also, the increased rates in all age groups makes this an unlikely explanation.
A final possibility is that the prevalence of diabetes is increasing among Hiroshima males. Japan has been undergoing far-reaching socioeconomic changes since the war and factors such as westernization of foods might have an impact on Hiroshima before Nagasaki and on males before females. There are no other data bearing on this problem at the present time, but this represents an important area of future investigation.
SUMMARY
Data have been presented on the finding of glycosuria and the diagnosis of diabetes mellitus during four years of a long term study of the health of population samples of Hiroshima and Nagasaki. Diabetes and glycosuria are much more common in Hiroshima than in Nagasaki and in both cities these findings are more frequent in males than in females. The prevalence of diabetes appears to be increasing in Hiroshima males. Findings in diabetics were compared with nondiabetics. In general, Japanese diabetics are similar to diabetics in other countries concerning their increased risk of obesity, hypertension, proteinuria, hypercholesterolemia, and cardiovascular and cerebrovascular diagnoses. This is of particular interest in the light of evidence that ketosis and severe abnormalities of carbohyrate metabolism are rare in Japan as compared to Western countries.
Despite a lower prevalence of diabetes in Japanese females than in males, the abnormalities associated with diabetes appear to occur more commonly in female diabetics than in male diabetics.
